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FACTORS FOR CONVERTING ENGLISH UNITS TO 
INTERNATIONAL SYSTEM (51) UNITS 


Multiply English units 


by 


To obtain 51 units 


feet (ft) 
mi les (mi) 


Length 
.3048 
1 . 609 


meters (m) 
ki lometers (km) 


Area 


square feet (ft 2 ) 


929.0 


square centimeters (cm 2 ) 


Vol ume 


ounces, fluid (oz) 


.02.957 


1 i ters (L) 


Flow 


feet per second (ft/s) 
cubic feet per second 
(ft 3 /s) 


.3048 
28.32 


meters per second (m/s) 
liters per second (LIs) 


Mass 


pounds, avoirdupois (lb) 


453.6 


grams (g) . 


Concentra.tion of chemical constituents 


parts per bi11 ion (ppb) 


micrograms per 1 iter (
9/L) 
micrograms per I iter-hour (
g/L-h) 
milligrams per liter (mg/L) 


parts per mill ion 


SYMBOLS, UNITS OF MEASURE, AND ABBREVIATIONS 


Vd 


volume of dye injected, in ounces 


c 


numerical constant 


o 


discharge, in cubic feet per second 


're 


estimated time of travel of the peak, used 
for dye injection, in hours 


iv 



TIME-OF-TRAVEL STUDY, BLACK RIVER FROM 


LYONS FALLS TO DEXTER, NEW YORK 


By 


Harold L. Shindel and Lloyd A. Wagner 


ABSTRACT 


Time of travel of water was determined at three different times 
for 16 successive subreaches of the 72-mile reach of the Black River 
between Lyons Falls and Dexter, New York. A 40-percent solution of 
rhodamine B dye and a 20-percent solution of rhodamine WT dye were 
used on different occasions as tracers to measure the time of travel. 
Cumulative time of travel of the peak dye concentration was 115 hours 
for a flow of about 40-percent duration and 173 hours for a flow of 
about 85-percent duration. 


Time-af-travel data for each subreach, as well as cumulative time-of- 
travel graphs for the entire reach for various discharges, are presented. 
Dye-dispersion and peak-concentration information are also given. Graphs 
show the relationship between traveltime and peak dye concentration for 
different rates of discharge through the subreaches. 
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Figure 1.--Location of study reach, subreaches, gaging station, and 
un gaged measuring site in the Black River. 
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INTRODUCTION 


This report presents the results of a study of the rates at which a 
pollutant would travel and disperse in the Black River between Lyons Fal Is 
and Dexter, New York. The time it takes the water and its accompanying 
pollutants in a stream to flow from one point to another is called the 
time of travel (traveltime) between those points, and this varies with 
the rate of discharge (flow) and stream velocity. 


From the time that a pollutant is introduced into a stream, dilution 
as well as other physical and biological processes reduce its strength. 
Basic time-of-travel data can be used by the sanitary engineer to evaluate 
a stream1s ability to cleanse itself in order to recommend treatment fa- 
cilities, if needed. In water-sampling programs, time-of-travel data are 
used to adjust the sampling schedule to the stream's velocity to enable 
sampling of the same slug of water as it moves downstream. 


Time of travel may be measured by using floats, by analyzing average 
stream velocities at selected cross sections, or by tracking certain chem- 
icals. A chemical-tracking method that employs fluorescent-dye tracers was 
chosen for this study because it provides the most reliable results (Wilson, 
1967). Briefly stated, the method entails injecting a fluorescent dye into 
a stream and taking periodic samples at a distance downstream until the slug 
of dye has passed. Times of injection and sampl ing are noted, and the con- 
centration of each sample is detenmined in order to measure the time it 
takes the first trace, the peak concentration, and the last trace of dye 
to reach the sampling point. The fluorescent-dye procedure is described 
more fully in the "Procedures" section of this report. 


All fieldwork was done during August and October 1968 and July 1969. 
All work was done in cooperation with the New York State Department of 
Environmental Conservation. 


DESCRIPTION OF STUDY REACH 


The main stem of the Black River starts in the Adirondack Mountains 
of New York State and flows southwest to near Alder Creek, then north- 
northwest through Lyons Falls to Deferiet, then west to Lake Ontario. 


The study reach (fig. 1) begins at Lyons Falls, about 0.1 mi (0.16 
km) below the junction of the Moose and Black Rivers and just below the 
dam of the Georgia Pacific Paper Company, and ends at Dexter. In the 
study reach, the Independence, Beaver, and Deer Rivers flow into the 
Black River. 
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The main stem of the Black River and many of its tributaries 
are highly regulated. Upstream from the study reach, the Black River 
is regulated by dams at several headwater reservoirs and lakes. The 
Moose River is regulated by dams on the Fulton Chain of Lakes, and both 
rivers are regulated by the dam at Lyons Falls. The Independence River 
has minor regulation, and the Beaver River is regulated by Stillwater 
Reservoir and several powerplant dams. In the main stem of the study 
reach, the flow is regulated by dams owned by the Crown Zellerbach Paper 
Company at Carthage, the St. Regis Paper Company at Deferiet, and the 
Brownville Board and Box Company at Brownville; also by the Watertown 
Municipal Hydroelectric plant and powerplant dams operated by Niagara 
Mohawk and other power companies. A I-week record of the stream gage 
at Watertown (fig. 2), taken during the first time-of-travel measure- 
ment for this study, shows how stream regulation affects the discharge 
rate. 


TIME-OF-TRAVEL INVESTIGATIONS 


Procedures 


The first step in a time-of-travel study is to divide the stream 
being studied into subreaches. The largest scale U.S. Geological Survey 
topographic maps available are used in map and field reconnaissance to 
del ineate and measure the prospective subreaches, to establ ish injection 
and sampling sites, to evaluate flow characteristics, and to develop a 
sampl ing schedule. The main reason for dividing the stream into sub- 
reaches is' that it minimizes the amount of dye required for each injection 
and that the dye can be traced through a series of short subreaches faster 
than through a long reach. As dye moves downstream, it becomes dispersed 
and diluted and would be undetectable in a long reach unless it were in- 
jected in large quantities. This is especially important during periods 
of low flow, when the desired discharge may be infrequent and of short 
duration. Also, the shorter reaches are more homogeneous than the long 
ones. Subreaches are usually studied successively in an upstream order 
to eliminate contamination from the previous dye injection. A disadvantage 
of using short subreaches is that cross-sectional mixing of the dye may 
not be complete. A description of each sub reach is given in table 1. 


The field procedure consists of injecting the dye into the center of 
the stream at the head of each subreach and taking samples at scheduled 
time intervals at the downstream end of each subreach. Of the many tracer 
dyes available for this type of study, a 40-percent solution of rhodamine 
B and a 20-percent solution of rhodamine WT tracers were chosen because 
of their high detectabil ity, economy, ease of handl ing and injection, and 
nontoxicity in the concentrations used. The dye is injected in volumes 
computed to produce a peak concentration of less than 10 
g/L at the 
sampl ing site, as required by the U.S. Geological Survey. 
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Subreach 
number 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


Table l.--Oata on the sub reaches 


Location 


Lyons Falls to Greig 


Greig to Glenfield 


Glenfield to Watson 


Watson to Lowville (State High- 
way 26A) 


Lowville (State Highway 26A) 
to State Highway 410 
(Beaver River) 


State Highway 410 (Beaver 
River) to Deer River 


Deer River to Carthage (Crown 
Zellerbach Paper Co.) 


Carthage to Herrings (at dam) 


Herrings to Deferiet (St. Regis 
Paper Co.) 


Deferiet to Great Bend 
(Champion Rd.) 


Great Bend to Felts Mills 


Felts Mills to Black River 
(State Highway 3) 


Black River (municipal 
hydroelectric plant) 
to Watertown 


Watertown hydroelectric plant 
to Gage at Watertown 


Quadrangle 
ma p 
Port Leyden 


do. 


Port Leyden - 
Lowvitle 


Lowv ill e 


Lowv ill e 
Carthage 


Carthage 


do. 


CarthCilge - 
Copenhagen - 
Deferiet 


Oeferi et 


do. 


Deferiet - 
Black River 


Black River 


Black River - 
Watertown- 
Rutland Center 


Watertown 


Gage at Watertown to Brownville Watertown- 
Board & Box Co. Brownville 


Brownville Board & Box Co. Brownville - 
to Dexter Dexter 


Length 
(mi I es) 


5.0 
4.7 
10.3 


Channel 
t y pe 


River 


do. 


do. 


5.9 


do. 


Measur i ng 
site 


Greig 


Niagara 
Mohawkl! 


do. 


do. 


Gage 


Samp ling 
I oca t i on 


Bridge 


Do. 
Do. 


00. 


00. 


Boat 


Wing wall 


00. 


00. 


Bridge 


Do. 


Bridge 


Wing Wall 


B ridge 


Do. 


Wi n g wa II 


6.0 


do. 


5.0 


do. 


5.7 


River 
pool 


3.4 


River 


2.4 


do. 


4. 1 


do. 


2.6 


River 
pool 


3.5 


River 


4.4 


River 
pool 


2.8 


River 


3.6 


do. 


3.2 


do. 


11 Discharge furnished by Niagara Mohawk Power Corporation from plant records 
for plants at Herrings. Deferiet. and Great Bend. 
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The samples were analyzed onsite in a Turner Model I I I 1/ fluoro- 
meter, which is basically an optical bridge that uses a rotating prism 
to measure the difference between the fluorescence of a sample and that 
of a cal ibrated rear-l ight path. The fluorometer is cal ibrated with pre- 
pared standards. At low concentrations, the dial reading varies 1 inearly 
with the amount of fluorescence. The fluorometer may be used with either 
a flow-through door to obtain continuous records, or with individual sample 
cuvettes. The individual sampling technique was used in this study because 
it is a simpler field operation. Concentrations of samples were also de- 
termined in the laboratory under controlled conditions. Dye concentrations 
and lapsed time between injection and sampling were used to plot a time- 
concentration curve of the dye clouds. Such a curve is shown as figure 3. 
The curves were drawn by hand to obtain the best fit, and points that 
scattered badly were disregarded. Time-concentration curves for all 
sampling sites listed in this report are on file at th
 U.S. Geological 
Survey office, Albany, N.Y. 


Discharge rates were obtained from gaging-station records for 
Moose River at McKeever, Independence River at Donnattsburg, Beaver River 
at Croghan, Deer River at Deer River, and Black River at Watertown (loca- 
tions are shown in table 2). Mean daily discharges for these stations are 
published in the annual u.S. Geological Survey reports, I
ater Resources 
Data for New York, Part l, Surface Water Records." In addition, miscel- 
laneous discharge measurements for the Black River were obtained at Greig. 
Where no gaging-station records were available, the flow was estimated. 
.Table 2 gives a brief description of the gaging stations, and table 3 
lists the discharge measurements obtained at Greig. Locations of the 
gaging station and the sampl ing sites on the Black River are shown in 
figure 1. 


l/ Use of the brand name in this report is for identification purposes 
only and does not imply endorsement by the U.S. Geological Survey. 
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Table 2.-- Description of gaging stations for Black River time-of-travel study 


4-2545. Moose River at McKeever, N.Y. 


Location.--Lat 43 Q 36'40 " , long 75°06'35", on left bank 0.5 mi (0.8 kIn) west 
of McKeever, Herkimer County, and 2 mi (3.2 km) downstream from confluence 
of Middle and South Branches. 
Drainage area.--365 mi 2 (945 km 2 ). 
Gage.--Digital water-stage recorder. 
Remarks.--Flow regulated to some extent by Fulton Chain of Lakes. 


4-2560. Independence River at Donnattsburg, N.Y. 


Location.--Lat 43°44'50 11 , long 75°20'05", on right bank at downstream side of 
highway bridge at Donnattsburg, Lewis County, and 5 mi (8 kIn) upstream 
from mouth. 
Drainage area.--9l.7 mi 2 (238 km 2 ). 
Gage.--Digital water-stage recorder. 
Remarks.--Infrequent minor regulation, source unknown. 


4-2580. Beaver River at Croghan, N.Y. 


Location.--Lat 43°53'50 11 , long 75°24'15", on left bank l,OOO ft (305 m) 
upstream from Black Creek and 0.5 mi (0.8 kIn) west oT Croghan, Lewis 
County. 
Drainage area.--294 mi 2 (761 kIn 2 ). 
Gage.--Digital water-stage recorder. 
Remarks.--Flow regulated by Stillwater Reservoir. Between Stillwater Dam 
and this station, flow is further regulated by several powerplant ponds. 
Diurnal fluctuation at low and medium flow. 


4-2587. Deer River at Deer River, N.Y. 


Location.--Lat 43°55'49", long 75°35 1 31", on left bank 350 ft (107 m) 
upstream Trom bridge on State Highway 26 at Deer River, Lewis County, 
and 2 mi (3.2 km) upstream from mouth. 
Drainage area.--98. 1 mi 2 (254 km 2 ). 
Gage.--Water-stage recorder. 
Remarks.--No mention of regulation. 


4-2605. Black River at Watertown, N.Y. 


Location.--Lat 43°59 ' 05", long 75°55'30", on downstream side of right abutment 
of Vanduzee Street Bridge at Watertown, Jefferson County, 3.5 mi (5.6 km) 
upstream from Philomel Creek. 
Drainage area.--l,876 mi 2 (4,859 km 2 ). 
Gage.--Oigital water-stage recorder. 
Remarks.--Flow regulated by Stillwater Reservoir, Fulton Chain of Lakes, and 
other reservoirs. Extensive diurnal fluctuation at low and medium flow 
caused by mills and powerplants in and above Watertown. 
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Table 3.-- Miscel laneous discharge measurements , 


Black River at Greig, New York 


Date 


Average 
Cross section velocity D i scha rge 
(square feet) (feet per second) (cubic feet p er second) 
606 0.75 456 
718 .98 702 
765 1.02 778 
741 .91 678 
912 .86 786 


8/19/68 
8/20/68 
8/22/68 
10/ 2/68 
7 /ll /69 


Analysis of Data 


The dye-concentration and stream-discharge data. are analyzed to 
determine three interrelated parameters: time of travel, rate of dye 
dispersion, and peak attenuation. Peak attenuation is a measurement 
of the reduction of the peak concentration between the injection and 
sampling sites. 


Owing to the variation of discharge in the Black River, peak attenua- 
tion was not measured. Discharges 1 isted in the tables and used in the 
figures are accurate within 10 to 15 percent. 


Time of Travel 


The time interval between injection and the arrival of the first trace 
of dye at the sampl ing site is called the leading-edge time of travel; the 
interva1 to the arrival of the peak dye concentration is called the peak 
time of travel; the interval to the arrival of the last trace of dye is 
called the trailing-edge time of travel; and the interval to the arrival 
.of the center of mass of the dispersed dye slug is called the centroid 
time of travel. The time of travel of the centroid is usually slightly 
slower than that of the peak. Peak traveltime is commonly used because 
of the simpl icity of determination and its inherent significance. 
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Time-of-travel data for all subreaches are presented in table 4. 
In order to establ ish the relationship between discharge rate and time 
of travel, measurements of time of travel at a minimum of two different 
discharge rates are needed. Where these data were available, relation- 
ships were derived and are presented in figures 4A-E as graphs for the 
respective reaches. Ideally, such graphs show the relationship between 
discharge and traveltime of leading edge, peak dye concentration, centroid, 
and trailing edge, but their reI iability depends on the amount of data 
available. 


Figure 5 gives the cumulative measurements of time of travel of peak 
dye concentration (all runs or every s
breach) recorded during August 13- 
22, 1968 and July 8-11, 1969. Discharges during the July 1969 period were 
greater than in the August 1968 period and are reflected by a faster time 
of travel for that period. The September 24 to October 2, 1968 cumulative 
times of travel are not plotted on figure 9 because they approximate the 
cumulative travel times of the August 13-22, 1968 measurement. 


Time of travel for a rate or discharge that has not been studied 
may be interpolated from the discharge-time curves for the corresponding 
subreach. The reader is cautioned, however, that time of travel computed 
from long extensions of the discharge-time curves may be inaccurate. Also, 
the discharge rate used to find the traveltime must be the one from which 
the relationship was plotted; that is, a discharge taken at point A would 
not be used to find the time of travel at point B if the discharge-time 
curve used had been plotted from a discharge taken at point B. In figures 
4A-E, the discharge used is that at the sampling site. 


Time of travel for long reaches is determined by adding the 
travel times of the respective subreaches. Traveltimes for sections of 
subreaches are computed as a 1 inear function of distance. Although this 
1 inear relationship is accurate only in homogeneous subreaches, its use 
is necessary where additional measurements cannot be obtained. 


Rate of Dye Dispersion 


Knowledge of the diluting and spreading patterns of a stream is 
important in evaluating the effect of a contaminant that is suddenly 
released into a stream. Although many aspects of dispersion can be 
measured, the simplest and perhaps most useful of these is the length 
of time between the arrival of the leading and trail ing edge of a dye 
cloud at a given point. This interval is found by determining, from 
the discharge-time curve, the traveltimes for both the leading and 
trail ing edge. The difference between travel times is how long it 
will take a dye or pollution cloud to pass a given point at that rate 
of discharge. This information would be useful to a sanitary engineer 
who must close down a plant's intake pipes during passage of a slug 
of contaminated water. From these data he can estimate when to shut 
down and when to reopen, and can then determine the amount of storage 
that will be needed for the system to operate during the shutdown period. 
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Figures 4A-E (continued) .--C, sub reaches 8-9; D, subreaches 10-13; and 
E, subreaches 14-16. 
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Figure 5.--Cumulative measured time of travel of peak dye concentration 
for the Black River from Lyons Falls to Dexter. 


14 



Table 4.--Time-oE-travel daea for all subreaches 
Time 1'ime Time 
of of 1'ime of 
travel. travel. of cravel, 
leading peak COn- Velocity, travel. Ve!oc:it:y, trailing 
aaac:h Run Lengt:R Discharge edge cent:raclon peak cencro1ci cet\croici edge 
I1U111Oer :tUlllOer (1111) Date (fcJ/s) (br. ID1n) (br, ID1n) (ft:/s) (br. 111£1) «Ee/s) (hr. ID1n) 
1 1 5.0 8/22/68 774 5:20 7:05 1.04 7:30 0.98 11:50 
2 10/2/68 750 5:35 7:00 1.05 7:28 .98 10:50 
3 7/U/69 786 5:2.5 6:45 1.09 7:26 .99.- 11:2.5 
2 1 4.1 8/22/68 800 6:45 8:15 .84 9:01 .76 1.4:45 
2 10/2/68 770 6:50 8:35 .80 9:03 .16 12:20 
3 7/11/69 820 6:30 8:00 .86 5:40 .80 12:30 
3 1 10.3 8/20-21/68 5SO 14:30 17:30 .86 11:38 .86 24: 30 
2 10/1-2168 8SO LS:30 11:30 .86 1.8:16 ,83 13:30 
3 7/U/69 l,l9O 12:30 LS:OO 1.01 13:19 .99 18:00 
4 1 5.9 8/20-21/68 875 9:15 11:00 .79 12:1.0 .11 17:1S 
2 10/1/68 930 8:35 10: 20 .84 10 :46 .80 13 : 35 
3 7/10/69 1,260 7:30 8:45 .99 9:15 .94 12:30 
5 1 6.0 8/19-20/68 740 14:55 15:S5 .55 17:13 .51 21:55 
2 9/30-10/1/68 980 10 : 2.5 ]l : 10 .19 11:09 .19 13:25 
3 7/10/69 1,380 1/ 1 : 4 5 1.13 
6 1 5.0 8/20-21/68 1,100 8:45 10:30 .10 10 : 49 .68 14: LS 
2 9/26-27/68 1.400 8:45 10:00 .73 10 : 36 .69 13:30 
3 7/10/69 1,980 7:45 9 :15 .79 9:47 .75 13:30 
1 5.7 8/14-16/68 1,085 19:00 21:30 .39 22:42 .37 28:30 
2 9/30-10/1/68 1.320 17 : IS 19:30 .43 20:43 .40 2.5:30 
3 1/8-9/69 2.200 11:00 12 : 30 .61 13:26 .62 18:00 
8 1 3.4 8/14-13/68 1.090 16:20 19 : 10 .26 19:31 .26 22:50 
2 10/2-3/68 1.500 1.5 : 55 18:30 .27 21:29 .23 30:2.5 
3 1/8-9/69 2.300 10 : 13 12:30 .40 13:05 .38 17:LS 
9 1 2.4 8/22/68 1,510 5:LO 7:55 .44 7:42 .46 LO : 10 
2 9/26/68 1.440 6:15 8:00 .44 9:43 .36 1.5:00 
3 7/9169 2,340 2:45 3:45 .94 3:51 .89- 6:lS 
10 1 4.1 8/14-1S/68 1,090 7:15 9:45 .62 11:08 .54 16 : 45 
2 9/26/68 1,450 6: 25 8:00 .75 9:49 .61 15 :55 
3 7/10/69 2.260 2:50 6:35 .91 6:59 .86 10 : 20 
11 1 2.6 8/15/68 1.100 2: 15 3:15 1.17 3:27 1.10 5:00 
2 9/25/68 1,270 2:15 2:50 1.35 3:15 1.17 5:30 
3 7/8/69 2.950 1:15 2:00 1.91 2:08 1.78 3:30 
12 1 3.5 8/14/68 1.105 5:45 7:00 .13 7:32 .68 10 : 00 
2 9/25/68 1.280 5:25 6:00 .86 6:35 .18 8:40 
3 7/8/69 3.000 2:35 3:00 1.71 3:10 1.62 4:05 
13 1 4.4 8/13-14/68 1.LSO 11:20 15:20 .42 16:11 .40 23:20 
2 9/24-25/68 1,230 12:1.5 15 : 30 .42 15: 39 .41 20:00 
3 7/9/69 2,920 6:05 7: 20 .88 8:06 .80 11:35 
14 1 2.8 8/13/68 1.200 2:35 3:35 1.15 4:06 1.00 6 :35 
2 9/24/68 1.225 2:25 3:15 1.26 3:37 1.13 5:40 
3 7/8/69 3,180 :50 1:50 2.24 2:01 2.03 3:50 
15 1 3.6 8/13/68 1.205 1:45 2:45 1.92 2:55 1.81 4:30 
2 9/24/68 1.230 2:1.5 2:50 1.87 3:04 1.12 4:45 
3 7/8/69 3.200 1:10 1:40 3.16 2:02 2.60 3:2.5 
16 1 3.2 8/13/68 1,220 10 : 10 12:00 .39 12 : 32 .37 16 : 10 
2 9/24-25/68 1.250 10: 55 13:05 .36 LS:19 .31 21:55 
3 1/7-8/69 3.220 7:1.5 8:30 .55 9 :2S .30 13 : 30 
1/ Escimated. 
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Flow Duration 


In stream-contamination studies, low-flow periods are the ones 
of greatest concern because, during such periods, the stream has less 
diluting capacity. A flow-duration curve is a means of describing the 
temporal distribution of daily mean flows that have occurred, and can 
be used to predict the distribution of flows that may occur. Flow- 
duration curves are included in this report so that the reader can 
compare the discharges at which the study was made. The curve is a 
plot of flow versus the percentage of time that the flow was equaled 
or exceeded. A 90-percent flow is a low flow, one that has been equaled 
90 percent of the time; a 10-percent flow is a high flow, one that has 
been equaled or exceeded only 10 percent of the time. Generally a 75- 
percent or higher duration flow is considered to indicate low-flow con- 
ditions. Figure 6 shows the flow-duration curve for station 04260500 
Black River at Watertown, N.Y. The slight flattening of the curve below 
2,000 ft 3 /s (57 m 3 /s) represents a large change in duration with rela- 
tively 1 ittle change in discharge. The relative stabil ity of the low-flow 
discharges can probably be attributed to the release of stored water by 
industries to augment natural low flows. The lower discharges on the 
curve probably reflect the low flows on weekends, when power demands are 
lower and little water is released by hydroelectric plants. 


A generally satisfactory discharge versus time-of-travel curve can 
be obtained by measuring time of travel at three different discharge rates. 
To plot the low-discharge end of the graph (the part most critical in con- 
tamination studies), one of the time-of-travel measurements should be made 
near the 95-percent or higher duration point. Other points should be near 
50-percent duration and another at .about 75-percent duration. 
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Figure 6.--Flow-duration curve, Black River at Watertown (1921-62). 
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DISCUSSION 


As with many other regulated streams, it is extremely difficult 
to estimate anticipated flow for the Black River, and abrupt changes 
resulting from regulation occurred frequently d
ring the time-of-travel 
measurements. For example, the extreme fluctuation in discharge seen 
in figure 2 is caused by the alternate release and withholding of water 
by industries along the Black River and its tributaries. The flow dura- 
tion for the week represented in figure 2 ranges from 30 percent to at 
least 99.9 percent; the average range of flow duration for this period 
is estimated to be 60 to 95 percent. Another factor that may complicate 
time-oF-travel data analyses is precipitation. Table 3, which 1 ists the 
discharge measurements of the first run (August 13-22, 1968), shows that 
a rapid rise in discharge occurred during August 20-22 because of a rain- 
storm. This increase probab'ly resulted in a faster time of travel than 
would ordinarily have been expected, and it is estimated that if it had 
not rained, the cumulative time of travel shown in figure 9 would have 
been at least 10 percent longer than that observed. 


Planning time-of-travel studies on highly regulated streams is 
difficult because of the variabil ity of flow, and analysis of results 
is campI icated by this variabil ity. 
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